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Study on determinants of pronuclear size: cytoplasmic volume and chromosome number
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The morphology and size regulatory mechanisms of pronuclei in mammalian fertilized eggs are poorly understood, with limited
research available. Pronuclear size and morphological changes are closely linked to embryo development and live birth rates.
Assessing pronuclear dynamics non-invasively can effectively evaluate embryo quality and potential, minimizing damage. This study
examines pronuclear-to-cytoplasmic (PN/C) ratios, pronuclear size regulation, and the impact of elevated intracellular cAMP levels
on oocyte maturation, aiming to enhance understanding of nuclear size dynamics in mammalian zygotes and improve ART outcomes.

The first study investigates the PN/C ratios of 1PN (one pronucleus) and 2PN (two pronuclei) zygotes following the in vitro
fertilization of mouse oocytes. The focus is on understanding PN size regulation at the end of meiosis II in mammalian zygotes. The
research highlights the correlation between pronuclear size and oocyte cytoplasm volume, with male pronuclei having a higher PN/C
ratio compared to female pronuclei. The study reveals that PN size significantly influences the developmental potential of zygotes,
offering insights that could enhance ART practices.

The second study explores the effects of elevated intracellular cyclic adenosine monophosphate (cAMP) levels on abnormal
cytokinesis and oocyte maturation during the meiosis of mouse oocytes. The focus is on understanding how increased cAMP levels
influence the formation of aggregated chromatin/chromosomes (AC) and the subsequent implications for oocyte and embryo
development. High concentrations of isobutylmethylxanthine (IBMX), a nonspecific PDE inhibitor, cause AC after the first meiosis,
The AC rates increase with higher IBMX levels, however, AC formation is reversible, allowing spindle chromosome complex re-
formation after IBMX removal. Suggesting a potential mechanism for AC formation that also occurs in humans and pigs. The research
highlights the potential of AC transfer as a safer nuclear transfer method with less mitochondrial carryover, offering promising
applications for individuals with mitochondrial diseases.

The third study investigates the correlation between the PN/C ratio and chromosome count in mouse zygotes, emphasizing the
implications for aneuploidy assessment in ART. This study employs enucleation and aggregated chromosome transfer (ACT)
techniques to create oocytes with varying chromosomal counts and analyzes PN dynamics through time-lapse imaging and
immunofluorescence staining. The study finds that higher chromosome numbers correspond to a higher PN/C ratio, indicating that
oocytes with higher chromosomal counts exhibit larger PN. The research underscores the complexity of PN size regulation and its
correlation with chromosomal content, suggesting that the PN/C ratio could serve as a biomarker for zygote quality and aneuploidy
in ART.

This thesis provides significant insights into the regulation of nuclear size in mammalian zygotes and its implications for ART.
By examining the PN/C ratios of zygotes, the correlation between PN/C ratio and chromosome number, and the effects of elevated
cAMP levels on oocyte maturation, the studies collectively contribute to a deeper understanding of nuclear size dynamics. These
findings have potential applications in improving ART outcomes, particularly in assessing zygote quality and aneuploidy, and offer

new avenues for safer nuclear transfer methods in treating mitochondrial diseases.
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